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[-8-^3 

■& NR(natural rubber), SBR(styrene-butadien rubber)i4 BRCpolybutadien 

rubber) 4 ^ ^jl^- SE^ ^l^JL^- ^-ofl ig-dLi^i^fa. f^M-^-^ (GNF, 

Graphitic Nano-Fiber)* Qs\-z\]S.*\ g.^z*}^ j1-t- ^ o)o) ^^^.g. *fl^-ig- 

fh^M-i^f-*. GNF7> 7Hn ^ 7]^1^ -Ip^ ji 

•¥-°fl ^-g-^LS.*) -g^^i- >M"8-*'Hb 7]^^ -IL^-*ll#iLcf ^ 

1=1 71^1, 3^2} J^-fr 37^^.0. oit^-. 
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Ml 

i^Rr Jl^- ^ ojo^ ^l]^^ {RUBBER 

COMPOSITION COMPRISING CARBON NANOTUBES AS REINFORCING AGENT AND PREPARATION THEREOF} 

<i> ^ ^M-^o]t^ (GNF, Graphitic Nano-Fiber)* ^J-sJ- 

^r^^r f^M-^tf-M- GNF ^dm-^-a M- GNF^ 7]^f| jl* o} A]~g-s) 
^5^1 £^-£)<H 3* 7j-^}( re inforcement)S. a>-§-^ 7]^ 

s)e (si lane compound)^: °l-§-«H tMgSj-ul ^M;..^*^ 7)^91 

^M-ic^-w.^ 7^^ 7 r £-l:^4 ^ ^ 0^5}- -g^^h 

^7]]^ tq] 7j-^o] <y^"7j-£o] lOOHflo)] ^0.5. <£&\Z\ 9X3- , , 3. 

^ »fl-f Mr^^r 
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<4> o]£\i$. ^ ufi- ^ti.^ aj^o] ^ A 4*1 ^ nm°H , zl zjo]^ ^7%°\ 

°fl -^sm ^ ?mn ^ ^ sz-a- ^ 0^^, o\u\ ^i-g^ 

*]^r J^tf ^ SMr 7lcfl£]jl ^] JH^S* ^ 

^H^C composite)* ol» ^-f SI^je-^. ^-s. ^7] 3 s.^ 3^.3 ^ =. ^ 
^* * t J**| Q&#5-, ^7l^ 4^, 

^* ^#*l?l*r3] 3.7\] 7}^ 3} o.s. 7ltfl^cf [Erik T. Thostenson, Zhifeng 
Ren, Tsu-Wei Chou, Composites Science and Technology 61(2001) 1899-1912]. 

1^%2] ^q-^a.* ^7\% tensile stress)7> 25%7>^ ^7}f>}JL 

(elastic stiffness)^ 36-42%S. 3.7]} ^7}^ £_5iz>}<%v)- [Qi an D, Dickey 
EC, Andrews R,. Rantell T. Applied Physics Letters 2000:76(20) 12868-2870] . 
<6> R. Andrews^- Y. Chen-f-£- petroleum pitch fiber^l ^i^f-Jl 
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(single wall nanotube)* #^*\}3, A}-g-^- ^ &^§--§- S-JL*}^ . 'O.^ -¥"711 
4^ lf^%4 feVfic^«.7> #S**i|5. a>-§-s)(H£ ^M§jfl^, &7]&&S.7\ 

^7}^ 5#^%4 ^3 4^«-* W^isL Afg-^^-i: 3 

-f , 90%^ oi^£^ ^2)- 150%^ 4^31^4 ^7>, 340%^ ^7l^iE£S| ^-t\% Ji 
^>^4. °l»£r petroleum pitch^ uf-^ti.^ HfrW £ 

O.S.S. ^0.5. ofl^gtf [R. Andrews, et al . , Applied Physics 

Letters 75(1999) 1329-1331]. 

4*117} #^^r ^-tfl^- ^ ^ SWth ^ ^^4#^r ^^^w. 4 £ 

£7> 99%ol^^ ^ J7^£« °l-g-*M ^^r^. 4fe 51^7}^ 7J-5|.X1 
(reinforcement )S. A r -§-*r^ fb^4i^f-ti4 ^£7> g-fc ^-f- 4^4^^tL4 th8*l 
7r£-#^l SL*)S\ #5L^r VH-fe ^Efl*}7l nfl^-ojtq-. 44^ ^4 

£ 4*}*] 7)1 44. SS^dtS. 4^°^ JL^-44 ^4- 4:^4^:* 4 ^l^-^o] 

*i4*H <£^z\)5L ^)7\ fl* %SL3- 

n44 jl^-o] ^ cfl7fl t£^tis 4-^44 ^44 a) 0)4 i^4^r 

^ 34 *}^}5L 7^4 5r£-!-«i ^-fr 4-§"3Hr Jl^rf ^ <?l^-7j- E 5>]- ifln> 

2-^, vfl-=jM§4 44^ AflS.^- ja-^-jLJjL.g. 4, 0^4 444 4^ ^4 -52^ 

4^4^!f£-» 4-§-*r4 8£ZL -g-tfl^ O.S 4 ^ ^5E4 ^4^^-/71-^-1-^ 
^^]» 4-8-*M 4#4 ^)lfi4 4, ^ ^o. s 44€4. o] 
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HhSlll, 7]^, CVD (chemical vapor deposition)^, £ 

> ^-o] ^14^^.14 gnf» #$-*\]^ A}-g-^<^ 3 °o] ^^^^ 

Tfl * r -8-€ ^ NR (Natural Rubber), SBR (Styrene Butadien 

Rubber), BR (polyButadien Rubber ^ -4 tHS^r (synthetic rubber HI fh^M-^ 

£ ^*Kr JRJtt ^^]7]7l ^tb J^cMl^-H ^-f-^J^S. 

al ^1"^ SEfe ^ ^M-^ti I£- GNF 

(Graphitic Nano-Fiber)S rfl^lf-^.S.^ 7]#^) ZL^^Ltf ^^r^M- 

^R3, ^ D >s.^, jl^t-S oL^-« ^ ^^.2.^, 

JH-Sfofl ^uj-i^ftL ^r-Sr GNF^ ^3E« ^M?]^ ^^^^ 7^^>J17l- 
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<n> ( ^. ^M-^ti. SL^ ^M-ic^-ol^ (GNF)» it^r 

<12> ^ofl ^ ^-^^olTiM- 7>€ ^2. & 

A. 

GNFS. tfl*)lf-o.5.*| 7i^oj jr^^l^cf q- ^y\A ^n>2. 

<14> ^- °Xo]*] t JL~o] Wr^H} i&$S\z\ o>q^i4, ofi-i- s-^, 

-s^, (Thiokol) (#3^€^sM^), = ^ #sH E fls) 

— Jl^-, ^S^MM^sHI-eHli^l (Hypalon) .31^, zl^, ^ 

JL^-iS. ^l^s]^ ^ ^ 

<i5> ^ «v^o!] 5>H<*i, ^M-i^f* se^ i^q-i^o]^ m.^a>) ^5)^1 

S.^- ^fr^l ^i^-^ti. (single wall carbon nanotube), 5.^ 

rf#^ B^q-^tL (multi wall carbon nanotube), £.€• GNF, ^ o]s-o} ^ 
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<^^, 7H£^2] ^Efl ^ Jl^ Wr^ZV #^0. i+2r. 

* ^^l^lTlM- ZL^-^-^ ^-i- %t-#A]7l7l H, B, N, 0, 

F, Si, P, S, Cl-i: i ^171 7^i4, #<>1^ HL^ ^ol^rWi-, 3 

^JlS. Sa^l^t, #€<?H ^tb ^12001-43659J1 (tHM 2001 

<d 7€ 20<a)°fl 7l?fl^ ^14^ ^^sl-ol^^ afl^ifH ^-2} aft 2^ ^ 

<is> ^-t§o| ^uj.^ a>^^!r Bfl<><Hl ^ i jL^-ofl ^uf-i^-ti. SE^- ^^4- 

ol^ (GNF)^ ^ $<atb 7fl#a]l-i: SE^Hr -g- ig^ofl 

^"B-^ #^^r jL-f- S^€-2f ^ ^-^S^l ^ ^A]Z3 ^ ^Tfl 



<19> 6j|^ 1:^, 31^*^*0* JE^l^o.^ GNF7> ^ -g-^zll -H • 

Jfofl ^-iSlTfl * ^ Gong ^ <*fl^-*l ^ol)- A >-§-"& 

nfl «lo]^l^ ^-g^TT^l, ZLS-oJ) 7^)^#^^im l+icfl-JB.* 31 

-gr^H ^ ^5£^>7fl ^ Jl^-^Sf i+itfl- ti.^ ^ig-s} *J^HJE JE-g-* 
mrs^t} [x. Gong, et al . , Chemistry of Materials 12(2000), 1049-1052]. 

i 
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<20> ^l^r ^ <*lh8r ^riM-ii#«-M- GNF» ^ofl j!^ ^>*1€ 

GNF» JL^°\] ^n^r ^a]^ #711 *rTr 

^o]^ %o]^ ^sq^ dl-uj^cf. nJ-eM, ^- ^ofl rtfe^, Tfl^^ 

<2i> ^6\) ojo^ , Ej^uj-i^tL s^. ^i4^s|-o]^(GNF)^ JL- 5 ^ 

3. 0.1-150^%, t^^Tfe 0.2-120f^%, ^ ff^^m 0.5-100^^%^ <£JL 

°1 0.1-99.9^8=%, w>^«>7fl^- 0.1-99^8=%, *W 

*}*r7fc 0.5-90^^Hb<>m-, 4^ 50^% ^>-§-^ *r 

<23> ^^6]] 5&<H*1, NR (Natural Rubber), BR (Butadien Rubber), SBR (Styren 

Butadien Rubber) f- eM<H^ A}-g-£)^ ^ ±7-ofl #5^1^ 

-SrM-^l ^a^, Ib^i^^^a. ^r^M-^sl-ol^l- iL#;*ll3. 

<24> ^WV^O.^., Jl^ t-S- bKM^I ^V-Mfe- 

jSLjjLdfl #S?-*j|.§. A}-g-^ ^-f 7ltfis)^. Sl##3E (tensile stress)^ 
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# OHM, ^ 3£r «>5fe ^^.4= $l7l nfl^ofl, 7]^ *|-£.*^-g- 

*Rr -n^- ^#jitf -g-£>fl 3-§-7 r ¥*M, Afl S ^ -g.5.3. A>-g-^- ^ 

<25> [^A]ofl] 
<27> ^A]of| 1 

<28> jl^-o] Qg.^ NR (Natural Rubber)* Af-g-^-^^l, eM°H A>-g-£)^ 

^-S-tb ^7^1^ ^r#^. ^-cf. A>-g-^ ^M-^^ti.^ 60nm^ 

^M-^W-OlJl Jl-^(NR)^ ^ 7]§o.S. 5^%, 7r-&!;?fl£r 45^%, Q± 
I W 2 ^^> Zinc oxidefe- 4^^=%, 7}^^(accelerator)^ 0.4^^=% 

E]-o]^o]] A>-g-5|fe ZL-^-» ^^dl JL^-S)^- 7l^-^^l ^jAS. 5}^^ , 7}% 
^ (vulcanization)^- 150 o C°fl*l 30^-?> ^r^rSl^r . 
<30> o]x4j ^^^1 ^ Jl-^s^ ^I^-^S^ 32.1MpaolAt^, stress at 300% strain^ 

29.7MPaol^cf. o}^ ^1:^4 *>-§-^ ^7> ^Ir^-i: 
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4-§-^- *H*t& 91^^ ^ 35%, stress at 300% strainer «f 37%^ ^7>^ JitlcK 



<32> jt-?-^ -gsLir NR (Natural Rubber)* A}-§-^>^^. t <£*V^o_g. ^o)o]o\] Af-g-sj^ 

<33> 7J-^.^1S ^l;^^r SJ7}3L7] 32nm^ N-330* JL^- (NR)^ <£-§; 7l^o_5. 

50^*8=%, €4i 2f^%, Zinc oxide^ 4^%, 7}4=-z\}^ 0.4^% ^, ^3 a] 

i ^ ^oi)Ai ^iq-k^yf ^V-g-^i ^ ^l^l-^r 

3. %}<%SLT>1, 7>%^£- 150*0 <M 30^- ?i ^«8*r5M. 
<34> olnfl ^c^^l ^ji-^oj ol^-Tj-^^ 23.8Mpa°lSljL, stress at 300% strainer 

21.7MPa<>]&c}-. 

<35> ^AHl 2 

<37> A>-g-^ Ej-^uj-i-e^- 60nm o) l}^*) Jl^f 

(NR)^ <#-§- 71^5. 5^%, ^Hl^^ 25^%, -Si: %^1 2^%, Zinc oxide 

4^%, 7\^A}^ 0.4^*8=% •§■ *>7l K\xL°§ 2^1 -^^^Ti ^of|A| 5^*8=%^ 7f^-l-^ 

°1 ^iM-tfas 33 ^^Hfe *r£^H, 7>$-*3i-£- 150°C^1 
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<38> 6\tQ <£o]?] ^jx^o) o]^-7j-£^ 29.6Mpa^ £^1, stress at 300% strainer 

^iLcf Sl^Sfe- ^ 32%, stress at 300% strain^ ^ 41%^ #7}^ ^.^Ix^. 

<39> tiling] 2 

<40> O^ofl^ Tj-^l^. -^^g- Af-g-^ nfl Tj-^S. ^l+ic^W.7> #5^15. <a-¥- 

<4i> j7Jf <>} ^^.^ NRCNatural Rubber)* A>-g-^-^Jl, ^l^AS Er°]<>Hl a>-§-£|^ 

^SHr*fl |7}^ #^£r ^-Cf. #3^3. A>-§-^ -MSI^ <g*>=L7l 

20nmS. JI^(NR)^ ^ 7]§J1S. 30^%, €4i 2#^%, Zinc oxide^r 4^ 

*g=%, 7>^1^ 0.4^%^ ^^AS EH°H A>-g-Sj^- ZL^# ^^cfl i^-S)^ 
7l^oi ^jo s ^o.^, 7 r %^£r 150T^H 30-g-?i ^*3*r£tf. 

<42> ojufl <gc^^l Sl^jEfe 22.5Mpa°l&:2, stress at 300% strainer 

19.5MPa°l&tf. 

<43> <ft<z\ jyjg yj-sf-^jg. A>-g-sl^ 7f^*^°lM- 

tfl*)l*fl5L ^1^-7J-5E» %7)<*\SLsL 7fl^-g- ^ tt ^ 

<44> ^r$6\) ttj-s^, Jl^-oj 7^^flS A>-g-S|^ ?fM^ 0 lM" ^^€-^1 ^^-¥-^r ^ 
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7)^1^ ^H§°1 *11 *r 
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11 

[3^8- 2] 

ul^, Vil^^l ZL^-, 31^-, B}j2.# (Thiokol) (#^^^#^1^), -f ^] 

^^mS.^}^-^}^ ^}o)^ j7^-, o] E^-t5|oll ^ ^1 (Hypalon) -H 

^f, ^^o> 3 ^^o]E JL ^. ) .g-^ jj^s. JL^ ols.^ ^ 

3) 

tgr^^-B., ^t^i, GNF (Graphitic Nano-Fiber), SEtt ol^S] 



*ll 3 %H1 &<*H, ^M-^^y. Sfe ^M-^4°l^(GNF)^ 
(straight), M-Si^ (helical), 7>*|S.<£3 (branched), ^^SBfl» M-^ifl 



4] 
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.[^^8-5] 

*)] 3 ^ $X°]*\, &±.^±.^2L ^M-^o]^(GNF)^ H, B, N, 0, F, 

Si, P, S, Cl^ &°]^ ^°l^r 3^#, «2«J ^ 

6] 

*ll 1%H1 Sa<H*l, 7jl^%^, iBl)o>HA]- ol-g-^ ^-^-jl^- 

(composite)^ ^3)5. 91^ ^.£-5. ^ 31^- 

7] 

*)] 6^1 5^*1, T^^*^ °<M£r3l. ^l^r^l, °]»^ £^ 

8] 

S. 0.1-150f^%<?l ^r$°-3- -H^- 

[3^8" 9] 
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101 

11] 

*fl 1 ^] t4€- ^JM °]-g-tb . 
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